Background: Atherosclerosis is a chronic systemic inflammatory disease. Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are systemic inflammatory markers that are correlated with poor cardiovascular outcomes.
INTRODUCTION
Coronary artery disease (CAD) is the leading cause of morbidity and mortality throughout the world [1, 2] . It has a complex pathophysiology, and inflammation seems to play an important role in CAD [3] . Previous studies have shown that higher levels of inflammatory markers are associated with the severity of CAD and worse cardiovascular outcome [4] . Although endothelial damage has been known as the triggering factor for the formation of atherosclerotic plagues, inflammatory process is responsible in the initiation and progression of the atherosclerosis [3] . Inflammatory markers, including white blood cell (WBC), C-reactive protein (CRP), and homocysteine, have been used for the prediction of cardiovascular events in asymptomatic patients [5] . The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) have recently been investigated as new predictors for worse cardiovascular outcome [6, 7] . Previous studies have shown that NLR is associated with morbidity and mortality in many cardiovascular diseases such as hypertension, heart failure, infective endocarditis, and acute coronary syndromes (ACS) [5] [6] [7] [8] . Although previous data have shown that NLR is associated with severity of CAD [4] , its relation with PLR remains unclear. Increased platelet activation plays an important role in the initiation and progression of atherosclerosis. Recent studies have demonstrated that PLR is associated with adverse cardiovascular outcome [7, 9] . Despite the importance of NLR on severity of CAD, the association of PLR with severity of CAD is less well established. The aim of this study was to explore the relation of both NLR and PLR with severity of CAD in patients undergoing elective coronary angiography (CAG), which has not been studied previously.
METHODS

Study population
Between June 2013 and October 2013, 215 consecutive patients who were scheduled for elective CAG were enrolled in the study. Patients with systemic disease and those using of medical treatment to affect the WBC counts, such as the following: haematopoietic system disorders, history of malignancies, and/or treatment with chemotherapy, evidence of any concomitant inflammatory disease, acute infection, and chronic inflammatory status, ACS, and percutaneous coronary intervention within the past six months, history of using glucocorticoid therapy within the past thee months, secondary hypertension, history of chronic renal or hepatic disease, and cerebrovascular disease, were excluded from the study. After exclusion criteria (five patients with malignancy, eight patients with concomitant inflammatory disease, 22 patients with ACS), the remaining 180 patients were included into the study. This study was designed prospectively. All of the study population were evaluated in terms of eligibility for inclusion and exclusion criteria. Patients who were eligible for enrolment gave written informed consent before participating. Clinical data and blood samples were obtained after written informed consent of patients. Subsequently, all patients underwent CAG. According to the results of the CAG, patients were divided into two groups: abnormal or normal CAG. The abnormal CAG group was defined as patients with coronary artery stenosis equal to or greater than 50% and/or slow flow detected in coronary arteries. The normal CAG group was defined as patients with normal coronary arteries or stenosis less than 50% [10] .
The investigation complies with the principles outlined in the Declaration of Helsinki. The study was approved by the Local Ethics Committee.
Assessment of severity of coronary artery disease
The severity of CAD was evaluated with both the SYNTAX and the GENSINI scoring systems. The SYNTAX scoring system is an angiographic index used for grading the severity of CAD. Each coronary lesion with a diameter stenosis of at least 50%, in vessels of at least 1.5 mm, was scored. The most recently updated online version (2.1) was used for the calculation of the SYNTAX scores (www.syntaxscore.com) [11] . The GENSINI scoring system was used to determine the severity of CAD [12] . This method defines narrowing of the lumen of the coronary arteries as 1 for 1% to 25% stenosis, 2 for 26% to 50%, 4 for 51% to 75%, 8 for 76% to 90%, 16 for 91% to 99%, and 32 for total occlusion. The score is then multiplied by a factor representing the importance of the lesion's location in the coronary artery system. For the location scores, 5 points were given for left main lesion; 2.5 for proximal left anterior descending (LAD) or left circumflex (LCX) artery; 1.5 for the mid-segment LAD and LCX; 1 for the distal segment of LAD and LCX, first diagonal branch, first obtuse marginal branch, right coronary artery, posterior descending artery, and intermediate artery; and 0.5 for the second diagonal and second obtuse marginal branches. Both scoring systems were calculated by two cardiologists blind to the participants. Then the mean of the two measures was calculated. CAD risk factors including fasting glucose, cholesterol levels, blood pressure, smoking, and socio-demographic data of all patients were recorded.
Laboratory findings and evaluation
of cardiovascular risk factors Complete blood counts, which included total WBC, neutrophils, and lymphocytes, were obtained at the time of admission. NLR was calculated as the ratio of neutrophil count to lymphocyte count, and PLR was calculated as the ratio of platelet count to lymphocyte count. All patients were evaluated for the presence of cardiovascular risk factors such as hypertension, hyperlipidaemia, diabetes mellitus, and smoking status. Hypertension was defined as systolic blood pressure ≥ 140 mm Hg and/or diastolic blood pressure ≥ 90 mmHg, previously diagnosed hypertension, or use of any antihypertensive medications. Hyperlipidaemia was defined as serum total cholesterol ≥ 240 mg/dL, serum triglyceride ≥ 200 mg/dL, low-density lipoprotein cholesterol ≥ 130 mg/dL, previously diagnosed hyperlipidaemia, or use of lipid-lowering medication. Diabetes mellitus was defined as fasting plasma glucose levels more than 126 mg/dL in multiple measurements, previously diagnosed diabetes mellitus, or use of antidiabetic medications such as oral anti-diabetic agents or insulin. Smoking status was defined as the history of tobacco use at admission or in the six months prior to visit. A family history of CAD was considered to be a history of documented CAD or sudden cardiac death in a first-degree relative before the age of 55 years for men and 65 years for women.
Statistical analysis
Statistical analyses were performed using SPSS 20.0 statistical package for Windows. Continuous data were expressed as mean ± standard deviation, while categorical data were presented as percentages. The c2 test was used for comparison of categorical variables, while student t-test or Mann-Whitney U test were used to compare parametric and nonparametric continuous variables, respectively. Normal distribution was assessed by Kolmogorov-Smirnov test. Correlation analysis was performed by Pearson or Spearman's correlation test. Logistic regression analysis was performed to determine the independent predictors of abnormal CAG. Receiver operating characteristic (ROC) curve analysis was performed to determine the cut-off level of NLR to predict the CAD. A value of p < 0.05 was considered statistically significant.
RESULTS
The study population consisted of 180 consecutive patients undergoing elective CAG. All members of the study population were divided into two groups according to the results of CAG. While 100 patients had abnormal CAG, 80 patients had normal CAG. Baseline characteristics and clinical data are shown in Table 1 . Although age distribution was similar between two groups (p = 0.073), female gender was significantly higher in the normal CAG group (p < 0.001). While diastolic blood pressure was significantly higher in the normal CAG group (p = 0.005), smoking status was significantly higher in the abnormal CAG group (p = 0.003). The laboratory findings, NLR, and PLR values are shown in Table 2 . Patients with abnormal CAG had significantly higher NLR and PLR when compared to patients with normal CAG (p < 0.001, p = 0.027, respectively). Patients with abnormal CAG had significantly higher creatinine and aspartate amino transferase levels and significantly lower high-density lipoprotein (HDL), when compared to patients with normal CAG. In correlation analysis, NLR and PLR were significantly correlated with SYNTAX score and GENSINI score (Table 3) . We included NLR, PLR, age, HDL, and creatinine into multivariate analysis to determine the independent predictors of CAD. In logistic regression analyses, NLR and HDL were independent predictors of CAD (Table 4) . ROC analysis was performed to determine the cut-off value of NLR to predict the CAD. A NLR of 2.3 or higher predicted the CAD with a sensitivity of 66% and specificity of 70% (Fig. 1) .
DISCUSSION
In the present study, we demonstrated that patients with abnormal CAG had significantly higher NLR and PLR compared to patients with normal CAG. Moreover, NLR and PLR were correlated with severity of CAD. However, only NLR was an independent predictor of CAD. Our study is unique in its design, in that it combines SYNTAX and GENSINI score in one study.
It is clear that inflammation plays a pivotal role in atherosclerosis [3] . It causes not only cardiovascular disease, but also numerous chronic diseases such as cancers, diabetes mellitus, hypertension, connective tissue disease, and chronic kidney disease [7, [13] [14] [15] . In the initiation of atherosclerotic plaque formation, inflammatory molecules are released from endothelial cells of vessels and cause vascular damage [3] . Besides the early phase of atherosclerosis, inflammatory molecules also play an important role in the formation of Data are expressed as mean ± standard deviation or as number and percentages; ACEI -angiotensin converting enzyme inhibitor; ARB -angiotensin receptor blocker thrombosis due to plaque rupture in ACS [5, 6] . Therefore, it is not surprising that inflammatory markers increase in patients with cardiovascular disease. Although numerous inflammatory markers including CRP, tumour necrosis factor alpha (TNF-a), interleukin (IL)-1, and IL-6 are known as indicators of inflammatory process, recent studies have shown that WBC count and its subtypes are also useful for predicting the inflammatory process in cardiovascular diseases [16] . Leukocytes play an important role in inflammatory processes, and neutrophils are the most abundant type of WBC.
The NLR, which can be derived from the WBC count, is a common, cheap, and reproducible test worldwide. Previous studies have shown that NLR is associated with poor clinical outcomes in various cardiovascular diseases [4] [5] [6] [7] [8] . In a study that included 300 patients who were admitted to hospital with ACS, higher NLR (median: 6.03 [4.48-7.9 ]) was associated with higher 30-day in-hospital mortality [17] . Another study reported by Cho et al. [18] showed that use of combination of NLR and haemoglobin provided valuable information for early risk stratification in patients with ST Data are expressed as mean ± standard deviation; AST -aspartate amino transferase; ALT -alanine amino transferase Table 3 . Correlation of neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio with severity of coronary artery disease SYNTAX score GENSINI score r p r p
Neutrophil-to-lymphocyte ratio 0.407 < 0.001 0.413 < 0.001
Platelet-to-lymphocyte ratio 0.167 0.025 0.164 0.028 Table 4 . Logistic regression analysis to determine the independent predictors of abnormal coronary angiography elevation myocardial infarction (STEMI). Patients with higher NLR and anaemia had higher mortality rate at six months (hazard ratio 5.6, 95% confidence interval 1.1-27.9, p = 0.036) compared to patients with lower NLR and without anaemia. After coronary artery bypass surgery, NLR is useful to predict saphenous vein graft disease [19] . Recently published trials established that NLR was associated with increased mortality and poor prognosis in ACS, especially STTRMI [5, 6, 17, 18] . Previous studies have shown that severity of CAD is correlated with higher NLR value. Kaya et al. [20] showed that NLR is a predictor of severe atherosclerosis, which may be useful for cardiac risk stratification in patients with CAD. They showed significant correlation between NLR and GENSINI score. In another study, Sönmez et al. [4] showed that NLR is a strong clinical laboratory value that is associated with the presence and complexity of CAD. They showed significant correlation between NLR and SYNTAX score. In our study we showed that NLR is significantly correlated with not only SYNTAX score but also GENSINI score. Although numerous clinical trials have showed a relation between NLR and poor cardiovascular outcomes in cardiovascular disease, its relation with PLR remains unclear. PLR is also an inflammatory marker of atherosclerosis. Previous studies have shown that higher platelet and lower lymphocyte counts were associated with adverse clinico-pathologic features in some malignancies [21] . There are few clinical trials that demonstrate an association between PLR and poor cardiovascular outcomes. Yildiz et al. [9] showed that higher PLR was associated with poor prognosis in patients with CAD. High PLR (> 160) was an independent predictor of no-reflow in patients presenting with STEMI. Azab et al. [22] showed that higher value of PLR was a predictor of long-term mortality in patients with non-STEMI. Acar et al. [23] demonstrated that patients who had poor collateral circulation had higher PLR. PLR was also studied to evaluate critical limb ischaemia in peripheral arterial occlusive disease. Patients with PLR > 150 had more frequent limb ischaemia than patients with PLR < 150 [24] . In a recent study, we showed that both NLR and PLR were significantly higher in patients with non-dipper hypertension, and only PLR more than 107 was an independent predictor of dipper and non-dipper status [7] . In another recent study, Yüksel et al. [25] reported that PLR level was independently associated with GENSINI score together with WBC, age, and low HDL level in multivariate analysis. However, they did not provide any data about NLR.
Our study has important clinical implications. Similar to CRP, an inflammatuar marker that demonstrates an increased risk of cardiovascular morbidity and mortality, NLR and PLR might be used as promising markers in the prediction of severity of CAD in patients undergoing CAG. These simple, cheap, and readily available biomarkers could help identify individuals at risk for an advanced CAD, who might be candidates for an aggressive therapeutic approach to control cardiovascular risk factors. Although previous studies have used SYNTAX or GENSINI scores separately to evaluate severity of CAD, in our study we used both of them. Additionally, previous studies have only shown significant correlation between NLR and severity of CAD, we also showed significant correlation between PLR and severity of CAD. An important finding of our study is that NLR but not PLR was an independent predictor of abnormal CAG. To the best of our knowledge, our study is the second in the literature, which evaluates the relationship between the PLR and severity of CAD in patients undergoing elective CAG.
Limitations of the study
Our study has several limitations. Firstly, this study was designed as a cross-sectional study. It would be better if we could follow-up the patients and explored the relation between adverse cardiac events and inflammatory parameters. Secondly, we did not evaluate the prognostic value of the NLR and PLR. We did not evaluate the inflammatory markers including TNF-a, IL-1b, IL-6, and highly sensitive CRP in our study population. If we had that data, we could have been compared the NLR and PLR with these inflammatory markers. Other cardiovascular risk factors, including sedentary lifestyle, overweight/obesity (waist circumference and body mass index), known atherosclerosis present in the carotid artery, femoral arteries and aorta, carotid intima media thickness, and ankle-brachial index of patients, were not evaluated in our study population. These factors may also contribute to increased inflammatory process. Finally, our study had a small sample size. Although we showed significant correlation between PLR and severity of CAD, it was not a predictor of Figure 1 . Receiver operating characteristic analysis for neutrophil-to-lymphocyte ratio to predict abnormal coronary angiography (area under curve is 0.726)
